Mounting evidence suggests that cerebral hypoperfusion leading to metabolic imbalance between neuronal energy demand and vascular supply of the substrate, plays an important role in the pathogenesis of cerebrovascular disease. 1,2 However, little is known about the factors that mediate cerebral hypoperfusion. One possibility is that structural alteration of the cerebral arteries increases cerebrovascular resistance. Animal studies have demonstrated that elevated pulse pressure in the cerebral arteries is strongly associated with hypertrophic remodeling of the pial arteriolar wall. 3 In humans, central elastic arteries in the cardiothoracic region (e.g., aorta and carotid artery) buffer the pulsatile pressure generated from the left ventricle, which fosters continuous peripheral blood flow and protects the microcirculation from end-organ damage. 4,5 Nevertheless, cardiovascular risk factors can stiffen central elastic arteries, increase left ventricular afterload, and augment central and peripheral pulse pressure. 4,5 Therefore, central artery stiffness may be one factor mediating cerebral hypoperfusion. Accordingly, the aim of the present study was to determine whether central elastic artery stiffness was associated with cerebral perfusion. We hypothesized that the individuals with higher central artery stiffness have reduced cerebral perfusion in deep subcortical frontal and parietal white matter because these regions, located at the level of terminal penetrating arterioles, are particularly susceptible to hypoperfusion. 6,7 The present study tested middle-aged adults who are prone to the onset of age-and cardiovascular risk-related increase in central artery stiffness and are at risk for early changes in cerebral vascular morphology. 4 methodS Subjects. Thirty-five community-dwelling adults aged between 40-60 years old were randomly recruited through flyers and newspaper advertisements posted in Austin, Texas between August 2008 and January 2010. Participants were required to complete a medical health questionnaire where medical conditions and treatments were coded as either present or absent
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methodS
Subjects. Thirty-five community-dwelling adults aged between 40-60 years old were randomly recruited through flyers and newspaper advertisements posted in Austin, Texas between August 2008 and January 2010. Participants were required to complete a medical health questionnaire where medical conditions and treatments were coded as either present or absent original contributions Central Artery Stiffness and Cerebral Perfusion according to participants' self-report. Individuals with a history of overt cardiovascular disease (e.g., coronary artery disease, angina pectoris, myocardial infarction, heart failure, and cardiac surgery) or neurological disease (e.g., stroke, Parkinson's disease, and clinically significant traumatic brain injury) or with MR imaging contraindications were excluded from participation. Patients with treated hypertension, dyslipidemia, and diabetes mellitus were included. A total of 19 participants were taking antihypertensive (n = 7), cholesterol lowering (n = 5), or hypoglycemic (n = 7) medications. After providing written informed consent for participation, study volunteers underwent measurements of vascular function (i.e., blood pressure and central artery stiffness) and cerebral perfusion on separate days, completing the study within 1 month. During the period of data collection, participants reported no major changes in lifestyle and/or medical treatment. The study was approved by the local institutional review board.
Measurements. All of the measurements were completed after at least 4 h of fasting and abstinence from caffeine and alcohol consumption. Subjects rested quietly for at least 15 min in a supine position before the measurements.
Blood pressure and central elastic artery stiffness. Brachial and carotid blood pressure and carotid-femoral pulse wave velocity (cfPWV) were recorded as previously described (VP-2000; Omron Healthcare, Bannockburn, IL). 8 CFPWV was obtained using arterial applanation tonometry incorporating an array of 15-micropiezoresistive transducers placed on the carotid and femoral arteries and calculated from carotid-to-femoral artery distance divided by transit time. The transit time was determined from the time delay between proximal and distal "foot" waveforms. The arterial path length was measured twice as the straight distance between the carotid and femoral measurement sites over the body surface using a nonelastic tape measure. 
Cardiovascular-acting medication
Data are means ± s.e. BP, blood pressure; cfPWV, carotid-femoral pulse wave velocity; CV, intersubject coefficient of variation; PP, pulse pressure; PWV, pulse wave velocity. a Significant between low and high cfPWV groups.
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Regional cerebral perfusion. Cerebral perfusion was measured by arterial spin labeling (ASL) technique described in detail elsewhere. [9] [10] [11] MRI data were acquired using 3T GE Signa Excite scanner (GE Healthcare, Waukesha, WI). Whole-brain T1-weighted images were collected for anatomical reference (spoiled gradient echo sequence, 256 × 256 matrix, field of view = 24 × 24 cm 2 , 1 mm slice thickness, 0 gap). Perfusion imaging included an ASL sequence with a single-shot spiral readout, cerebrospinal fluid reference scan, and a minimum contrast scan. 12, 13 Cerebral blood flow was computed by subtracting the tag/control image series (CBFv3.2, Function Biomedical Informatics Research Network). These images were corrected for field inhomogeneities using the minimum contrast scan and converted to physiological units (ml/100 ml/min) using the reference signals. 12, 13 Average cerebral perfusion was calculated for six bilateral a priori regions of interest chosen for their documented susceptibility to cerebrovascular disease. 6, 7 Spherical regions of interest, 5 mm in diameter, were automatically created around the central coordinate for the chosen regions according to the Talairach and Tournoux atlas 14 using the Analysis of Functional NeuroImages (AFNI) software. 15 Statistical analyses. All variable distributions were examined using the Shapiro-Wilk test of normality recommended for small samples. Low and high cfPWV groups were created by a median split of pooled subjects (median cfPWV = 1,090 cm/s). Because several physiological variables (i.e., brachial systolic blood pressure, carotid pulse pressure, cfPWV, and hippocampal and thalamic perfusion) had naturally skewed distributions, demographic and physiological differences between low and high cfPWV groups were examined using nonparametric Wilcoxon rank-sum test. In order to determine the independent contribution of cfPWV to the variability in regional cerebral perfusion, Spearman's rank correlation analysis was first performed among the measured vascular parameters and regional cerebral perfusion. Cerebral perfusion of specific regions, which showed significant association with cfPWV in the simple correlation analysis, was entered as 
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Central Artery Stiffness and Cerebral Perfusion dependent variable in the subsequent multiple linear regression analysis. The covariates in the multiple linear regression analysis were selected from both group comparison and simple correlation analyses, if they significantly differed between low and high cfPWV groups and if they were significantly associated with both cfPWV and the dependent variable. CFPWV was log transformed to achieve a normal distribution before inclusion in the multiple linear regression analysis. Data were analyzed using SPSS 13.0 computer software (SPSS, Chicago, IL). A two-tailed α level of 0.05 was used as the criterion for significance for all analyses. Table 1 shows the subject characteristics and the parameter comparisons between high and low cfPWV groups. Compared with the low cfPWV group, the high cfPWV group showed significantly higher heart rate and blood pressure measurements including brachial systolic, mean, and diastolic blood pressure and carotid pulse pressure, and lower frontal and parietal white matter perfusion. The high cfPWV group also included a greater number of Hispanic individuals and a greater number of individuals taking antihypertensive medication. Table 2 illustrates the simple correlations among age, vascular parameters, and regional cerebral perfusion. CFPWV was significantly associated with age (r = 0.37), heart rate (r = 0.38), all of the blood pressure measurements (r = 0.49-0.61), and frontal (r = −0.64) and parietal (r = −0.36) white matter perfusion. Frontal white matter perfusion was weakly correlated with carotid pulse pressure (r = −0.33, P = 0.053). original contributions
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Hippocampal perfusion was correlated with brachial systolic (r = −0.38) and diastolic (r = −0.34) blood pressure. In Table 3 , the independent contribution of cfPWV to frontal and parietal white matter perfusion was separately analyzed, including the covariates (age, sex, heart rate, brachial mean blood pressure, race/ethnicity, and antihypertensive medication). The results from the multiple linear regression analyses revealed that cfPWV (β = −0.54, P = 0.03) explained 11% of the variability in frontal white matter perfusion (∆R 2 = 0.11, P = 0.03), independent of the entered covariates. In contrast, the contribution of cfPWV to parietal white matter perfusion was significantly attenuated when the model was adjusted for the same covariates (β = −0.04, P = 0.88).
diScuSSion
This study evaluated hemodynamic correlates of cerebral perfusion in deep subcortical white and gray matter areas among middle-aged men and women without cardiovascular and neurological diseases. The salient finding from the present study was that frontal and parietal white matter perfusion was lower in the group with higher central elastic artery stiffness. Furthermore, the observed association between central artery stiffness and frontal white matter perfusion remained significant after controlling for potential confounding variables. Central artery stiffness explained 11% of the variability in frontal white matter perfusion. In contrast, the adjustment for the same covariates abolished the relation between central artery stiffness and parietal whiter matter perfusion. Central elastic arteries in the cardiothoracic region play an important role in buffering pulsatile energy generated from the left ventricle, producing a continuous peripheral blood flow, and protecting the delicate microcirculation from the repeated hemodynamic strain and end-organ damage. 4, 5 Consistent with this notion, central elastic artery stiffness is associated with an increased susceptibility to white matter rarefaction or cerebral leukoaraiosis. 16 Cerebral leukoaraiosis, which often develops in frontoparietal circuits, is an independent predictor of future cerebrovascular disease (e.g., stroke and vascular dementia) and is thought to originate from cerebral hypoperfusion. 17, 18 With this information as background, we have tested our hypothesis that individuals with higher central elastic artery stiffness have reduced cerebral perfusion in deep subcortical frontal and parietal white matter, the regions located at the terminal penetrating arterioles and particularly susceptible to cerebral hypoperfusion. 6, 7 After controlling for the potential confounding variables (e.g., age, sex, blood pressure, and medication status), our results suggest that central artery stiffness is associated with cerebral hypoperfusion particularly in frontal white matter, which may, in turn, lead to cerebral leukoaraiosis.
Due to the cross-sectional nature of our study, we can only speculate on the mechanism by which elevated central elastic artery stiffness may reduce cerebral perfusion in white matter areas. Stiffening of the central elastic artery elevates left ventricular afterload and augments pulse pressure. 4, 5 In turn, increased transmission of pulsatile energy into microcirculation may induce an adaptive mechanism by which the cerebral vascular bed protects itself from pulsatile barotrauma by elevating the local vascular resistance. This protective mechanism may include hypertrophic remodeling of cerebral arterioles. Previous animal studies reported a strong positive correlation between cerebral pulse pressure and the cross-sectional area of pial arterioles. 3 In the present study, our results also revealed that carotid pulse pressure, which was the significant correlate of cfPWV, exhibited a weak association with frontal white matter perfusion. Therefore, elevated pulse pressure within cerebral vascular bed may be mediating the observed relation between increased central artery stiffness and cerebral hypoperfusion.
While the strength of the current study is the use of noninvasive quantitative perfusion imaging to calculate regional cerebral perfusion, it is of note that pulsed ASL based perfusion measurements in deep subcortical areas may be confounded by long heterogeneous delay times and low sensitivity. It may be possible that the observed effects are caused by a delay in perfusion (a longer transit time) rather than by a truly lower cerebral blood flow, or a combination thereof. In addition, the mean intersubject coefficient of variation for our cerebral perfusion measurements was relatively large (~53% on average, including all of the gray and white matter regions of interest). However, the observed dispersion of our cerebral perfusion data may be justifiable considering the heterogeneous characteristics of our subject population in terms of cardiovascular risk. It is of note that our results are consistent with previously reported significant reduction in cerebral perfusion among cognitively normal elderly subjects with hypertension. 19 The primary finding of the present study is that central elastic artery stiffness is significantly associated with subcortical frontal white matter perfusion, independent of the potential confounding factors (age, sex, race, blood pressure, and cardiovascular-acting medication). These results suggest that central artery stiffness may be a useful clinical tool to detect individuals at risk for cerebral hypoperfusion and subsequent leukoaraiosis in frontoparietal circuits.
